Abstract. Usi ng normal materials to manufacture the mixed mortar is necessary for restoration of hydraulic structures in Vietna m . It will salvage the materials and decreases the cost price of the mortar. In this research, we used cement m ade in Vietnam (Chinfon -Haiphong cement), na tural sand (Lo River sand), polymer acrylic and high range water reducing (of SIKA company)' with proportion 1 : 3 : 0.03 : 0.003 by weight. The water to cement ratio is 0.5 , which always ensure t he compressive strength of mortar more t han 40 MPa and small shrinkage, good watertightness, and high adhesion. That is suitable for the restoration of concrete structures in general and hydraulic structures in particular of Vietnam. The dry mixed mortar is manufactured and in bag of 15±0.5 kg weight.
INTRODUCTION
After fifty years, many hydraulic structures in Vietnam were damaged and downgraded that why it is necessary to repair them for continuing operated. Here the most important hydraulic structures are made of concrete and reinforced concrete, that when repairing has required the same m aterials having the same fundamental properties. In order to repair those structures, the mort ar from cement with high compressive strength, no shrinkage, and high watertightness is used [1] .
The mixed mortars have good properties of some overseas companies are available in Vietnam, but they are very expensive, so they are not suitable for Vietnam situation. Actually, the materials needed to manufacture these mortars are available in Vietnam and we can use them to make a kind of mixed mortar using to repair the damage of structures in general , hydraulic structures in particular. To produce this mixed mortar we can use usual materials Vietnam's .
RESEARCH OBJECTIVES
The objective is to manufacture the mixed cement mortar which has high compressive strength, high flexural strength, low shrinkage and high watertightness in order to repair hydraulic concrete structures and reinforced concrete structures. The mortar should have following properties: · + High watertightness + Good slump for application + The good adhesion with the parent concrete and mortar + High compressive strength(!~ 2:40 MPa). In this research, we used the standard sand and the crush silicon sand. The results were very good, but the cost price was very high , therefore we have taken the river sand for experiments [2] . Namely, we used Lo River sand which has some properties as shown in Table 2 . The sand is sieved to reject the grains size > 5 mm. Then it was dried by the oven in temperature of 100-150°C for five hours until the humidity of sand equal zero percent. The sand was packed and kept in the dry condition.
Polymer
Polymer acrylic is admixture in form of. powder, dry, white color, odorless. It is easy to dissolve in the water. The chemical function of Polymer acrylic as shown following [3] : High range water reducing admixture has the brand name ~f Mighty [3] . The main component of Mighty is naphthalene formaldehyde sulphonated. This admixture is being sold in Vietnam.
MIXTURE PROPORTION

Design preliminary proportion mortar
The mortar using in concrete structures and reinforced structures must have high compressive strength (the compressive strength of mortar and the compressive strength of mortar matrix in old concrete · is equivalent). However, the polymer mortar has not strength function; in research we designed the proportion mortar was used in compliance with 14 TC~ 80-2001 and TCXD 2000 -Building standard [4, 5] .
The compressive strength of mortar is calculated by following Eq. (1) In other hand, the high range water reducing admixture and polymer acrylic are used with the amount of 0.2-0.33 and 2-33, respectively.
The experimental scheme method
In this project, we used the experimental scheme method with the orthogonal central turn of two levels and two factors to aim building the statistical mathematics model, based on that to access the effects of factors on the properties of mortar; such as the plasticity, compressive strength, flexural strength, adhesion between the old concrete and new mortar, saturated absorption; thence finding the optimal percent of polymer and HRWR. of real variables and coded variables are presented in Table 3 . In the experimental scheme method with two levels and two factors, as signed the percent of HRWR (% of cement content) is 6 and the percent of polymer (% of cement content) is 6. For establishing the experimental scheme the real variables ~1 and 6 are encoded to become the coded variables X1 and X2 (see [6] ). The value of the coded variables are chosen in the range of (-1) and ( + 1), at the centre point of experimental scheme (0), and the values on the axis X 1 and X2( +oo, -oo) to make the rotation of the orthogonal scheme central turn. The sketch of the experimental scheme method with two levels and two factors as shown in Fig. 1 From the results in Table 4 we can see that using Polymer Acrylic of percentage (1-3 3) didn't affect the setting time of mortar. Table 5 .
where: D2 is the flat diameter of mortar; X 1 and X2 are the coded variables. Note: The flat diameter of mortar with the presence of polymer and HRWR is less than the control specimen (about 133 to 243) but they ensure good slump for application in Vietnamese climate condition and the accordance in 14TCN 80-2001.
The effects of the admixtures on compressive strength of mortar
The mortar specimens are moulded in prismatic mould with 160 mm length and 40x40 mm cross section. After 24 hours , they are demoulded and cured in the curing room at humidity 803 and temperature 25 ± 2°C. The specimens are tested to determine compressive strength and flexural strength at ages of 3, 7, and 28 days .
The compressive strength of mortar of 3, 7 and 28 day-ages are shown in Table 6 . The compressive strength of mortar are represented by Eq. ( 4), ( 5) 
where: J~3 , f~7 , !~2 8 is the compressive strength of mortar at 3, 7 and 28 days; X1 and X2 are tl;e coded v'ariables Not e: From the results of compressive strength (see Table 6 ) we can see that the presence of polymer and HRWR doesn't affect on the compressive strength, and after 28 days the difference of compressive strengths of these mortars is negligible. With W / C = 0.5, the compressive strength of mortar is usually more than 40 MPa . However , when the admixtures content is high, the compressive strength of mortar attains 4 7. 7 MP a, higher than control mix about 93.
The effects of the admixtures on flexural strength of mor tar
The flexural strength of mortar at the given ages is shown in Table 7 . The effects of the admixtures on the flexural strength of mort ar are represented by Eq. (7), (8) (9) where: J~ 3 , J~ 7 , J~ 28 is the flexural strength of mortar at 3, 7 and 28 days; X 1 and X 2 are the c~ded 'varia'bles. Not e : Compared with control specimen, the flexural strength at 28 days of specimen containing polymer and HRWR are little lower, (about 90 3 of flexural strength of the control specimen). This reason is the effects of polymer on the structure of cement matrix. However, increasing the density and decreasing the capillary pore of mortar to increase watertightness is aimed , so that the suitable percent of admixtures is necessary to use.
The effects of the admixtures on the adhered strength to parent mortar of mortar
The adhesion of mortar to parent mortar at 28 days as shown in Table 8 . .
• I
where: f~, 28 is the adhesion strength of mortar at 28 days; Xi and X2 are the coded variables Note: Using polymer and HRWR in mixed mortar increases the adhesion strength of mortar (about 10% to 57%) (see Table 8 ). We can see. that, with the proportion of high range water reducing is 0.225 % and polymer is 2.5%, the adhesiori strength is 6.6 MPa, that is higher than 52% comparing with control specimen.
The compressive strength of mortar on compacted sub-grade
The compressive strength of mortar on compacted sub-grade at the given ages (3 , 7 and 28 days) is shown in Table 9 . The effects of the admixtures on the compressive strength of mortar on compacted sub-grade are represented by Eq. (11), (12) and (13) The capillary pore and saturation absorption of mortar are given in Table 10 (14) where: Ds is the saturation absorption of mortar; X 1 and X2 are the coded variables Note: In comparison with the control specimen, the capillary pore of specimens with admixtures is lower about 20% to 403 . Therefore the presence of polymer and HRWR in mixed mortar increases its watertightness (see Table 10 ).
The effects of the admixtures on the length change of mortar bar
The length change of mortar bar is measured in compliance with [7] . The specimens are casted and cured in the humidity of 80% and temperature of 25±2°C (condition in Vietnam). Symbol Mo relates to specimen without admixtures; M 1 relates to specimen containing 3% polymer acrylic and 0.3% HRWR. The results of the length change of mortar bar for some given ages are represented in Table 11 and Fig. 2 .
After 28 days, the shrinkage of control mortar (M 0 ) is 0.41 %; this result is complied with some other research results [8, 9, 10] . In that time, the specimen containing 3% polymer acrylic and 0.3% HRWR (M1) has the shrinkage of 0.06% that is very small. Thus, the adhesion to parent mortar of the mortar containing admixtures (polymer and HRWR) is higher than that of the mortar without admixtures. So that, the polymer acrylic and HRWR are important for the manufacturing mixed morta r having hi gh compressive strength and low shrinkage.
The results of watertightness of mortar
The watertightness of mixed mortar is tested as prescribed in [4] . Prismatic mortar specimens with 150x150 mm cross section and 30, 40 , and 70 mm t hickness are prepared for measurements watertightness. After 28 curing days in standard co ndi t ion , the specimens are tested on the Matest machine with 0.4 MPa/cm 2 pressure. To maintain the time for specimens in 24 hours for 30 mm thickness , 48 hours for 40 mm thickness , and 78 hours for 70 mm thickness ; the specimens are not permeable. So that, the mixed mortar has high watertightness. 
Main conclusions
1. The presence of polymer and high range water reducing admixture with researched range don't affect the setting time and workability of mortar.
2. With water to cement ratio W/C = 0.5 , the compressive strength of mortar is more than 40 MPa. It is suitable for high strength mortar for restoration of hydraulic structures.
3. The presence of polymer and high range water reducing, exercises small the influence to flexural strength, the compressive of mortar on the compacted sub-grade.
4. The mortar with polymer and high range water reducing admixture increase the adhesion strength and watertightness of mortar.
